Introduction
Technological and technical innovations of catheter ablation for various arrhythmias are continuously being introduced into practice. Tenacious effort is required to ensure that in each country this treatment is performed in accordance with the international standards [1] . The Japanese Heart Rhythm Society (JHRS) conducted annual nationwide registries of patients who underwent catheter ablation for atrial fibrillation (AF): the Japanese Catheter Ablation Registry of Atrial Fibrillation (J-CARAF) [2] [3] [4] .
Currently, uninterrupted warfarin therapy is considered superior to interrupted anticoagulation strategy with respect to thromboembolic and bleeding complications [5] [6] [7] [8] . Moreover, some studies, including our previous report [2] , have evaluated the safety and efficacy of direct oral anticoagulants (DOAC) in the management of AF ablation [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . However, the number of subjects analyzed in earlier studies is rather small. In this report, we compared the clinical features and incidence of bleeding complication and ischemic stroke during, and immediately after AF ablation among patients receiving periprocedural treatment with warfarin or a DOAC. The aim of this study was to elucidate the current status of the use of DOAC as a periprocedural anticoagulant during AF ablation in Japan, and to evaluate the periprocedural use of a DOAC with respect to thromboembolic or bleeding complications.
Material and methods
The method of this survey has previously been reported [3, 4] . In short, the survey was performed retrospectively using an online questionnaire. The JHRS members were notified by e-mail. Data on patient backgrounds, methods of pulmonary vein isolation and related techniques, complications, as well as the periprocedural pharmacological treatments were collected for AF ablation sessions performed in September 2011, May 2012, September 2012, September 2013, and September 2014. Patient data included age, sex, previous AF ablation, AF type (paroxysmal, PAF; persistent, or long-standing, LS; persistent), thromboembolism risk factors, and echocardiographic parameters. When one of the oral anticoagulants (OACs) was intentionally continued at least up to the day before the AF ablation, they were considered to have been used periprocedural. The OAC administered on the day of AF ablation was not included in the data.
Although some patients had not received any periprocedural OAC, the reasons for this were beyond the scope of the survey, and the details of anticoagulant management might have widely varied in these patients. Moreover, the definition of periprocedural OAC was not precisely defined in the early stages of the survey; thus, some patients who were actually administered an OAC until the day before AF ablation, but not on the day of the procedure might have been inadvertently categorized as patients without periprocedural OAC. Therefore, in this report, only the data of subjects who were recorded as having received warfarin or a DOAC were analyzed.
Major bleeding complications included pericardial effusion (PE) that needed pericardiocentesis or surgery, hemothorax, retroperitoneal hematoma, and massive bleeding at the puncture site. Stroke was evaluated based on clinical parameters. Silent brain infarctions on magnetic resonance imaging, or transient ischemic attacks were not included. Centers with Z10 procedures per month were defined as high-volume centers, and centers with r9 procedures per month were defined as low-volume centers.
The continuous variables with a normal distribution were expressed as the mean 7SD. Comparison of continuous variables between two groups was done using unpaired Student's t-test. Comparisons of variables among the four study groups were performed using one-way analysis of variance with post-hoc Bonferroni test. Categorical variables were compared using Tukey's test. A multiple logistic regression analysis was performed for variables with univariate P value o0.1, to detect the independent determinants for the occurrence of complications. A P o0.05 was considered statistically significant.
Results

General observations
Two-hundred-and-four institutions reported the data of 6200 AF ablation sessions. Among them, 1502 patients were registered as not having received periprocedural OAC treatment. We analyzed the data of the remaining 4698 subjects (age 63.27 10.6 yr; 73.9% male, 26.1% female) who were administered warfarin or a DOAC up to the day before AF ablation.
In the population, there were 77.9% first AF ablation sessions, 64.2% (n ¼ 3017) patients with PAF, 22.2% (n ¼ 1043) patients with persistent AF, and 13.6% (n¼ 638) patients with LS-persistent AF.
Periprocedural anticoagulant strategies
As a periprocedural OAC, warfarin was administered to 54.7% of patients (2568). Dabigatran and rivaroxaban were used in 21.9% of patients (1027) and 12.9% of patients (606), respectively. The remaining 10.6% patients (497) were treated with apixaban. A total of 45.3% of patients (2130) were taking a DOAC at least up to the day before AF ablation.
Comparison of patient profiles
As shown in Table 1 , the percentage of PAF in patients treated with warfarin (60.7%) is significantly smaller than those treated with dabigatran (66.8%; Po 0.01) or rivaroxaban (72.6%; P o0.01). Lone AF was less frequent in patients with uninterrupted warfarin (20.0%) or apixaban (17.9%), than in those treated with dabigatran (25.7%) or rivaroxaban (25.6%). The CHADS 2 and CHA 2 DS 2 -VASc scores were relatively high in patients treated with warfarin and apixaban. Thus, the clinical profiles of apixaban-treated patients were similar to those of warfarin-treated patients, but were not to those of patients treated with either of dabigatran or rivaroxaban.
Complications
A total of 104 complications occurred in 2.2% of patients (103). The incidences of PE, major bleeding, and stroke are shown in Table 2 . In one patient treated with periprocedural apixaban, PE required surgical repair, while pericardiocentesis was performed in 50 patients. Hemothorax, retroperitoneal hematoma, and massive bleeding at the puncture site were seen in one, three, and 46 patients, respectively. Ischemic stroke was diagnosed in three patients. Both PE and hemothorax occurred in one patient treated with warfarin. The clinical profiles, procedures of AF ablation, and the choices of periprocedural OACs were compared among patients, with or without complications (Table 3) . Complications were more frequent in older patients (65.3 78.6 yr vs. 63.1 710.7 yr; P ¼0.012), patients on chronic hemodialysis (4.9% vs. 1.1%; P¼ 0.001), or those treated with warfarin (66.0% vs. 54.4%; P¼ 0.019). Furthermore, 3-D mapping systems were used more frequently in patients without complications (81.6% vs. 93.6%; Po 0.001). In the high-volume and low-volume centers, complications occurred in 1.7% and 2.6% of procedures, respectively (P ¼0.434). Table 4 shows the results of the multiple logistic regression analysis. Age, chronic hemodialysis, and lack of assistance of the 3-D mapping system were significantly related to complications, while the choice of periprocedural OAC was not significantly associated with the incidence of complications.
Discussion
Major findings
The major findings of the present study are as follows: (1) DOACs are used in 50% of patients who underwent AF ablation with a periprocedural OAC; (2) clinical profiles of apixaban-treated patients are similar to those of warfarin-treated patients, but not to those treated with either of the other two DOACs; and (3) periprocedural use of a DOAC did not significantly affect the incidence of major complications.
Earlier studies
The meta-analysis suggests that patients treated with rivaroxaban have a similar incidence of thromboembolic events and major bleeding compared with warfarin [17] . The rate of serious complications in patients on apixaban undergoing AF ablation is low, and similar to that seen in patients treated with uninterrupted warfarin [18] . One study has reported that dabigatran increases the risk of bleeding and ischemic stroke [14] . However, several other studies have concluded that dabigatran may safely be substituted for warfarin [2, [9] [10] [11] 13, 15] . Although there are several articles that report an increase or decrease in adverse events with periprocedural DOACs, most studies find no remarkable differences in bleeding and thrombotic events between warfarin and DOACs [19] .
Interpretation of the present results
In the present study, the overall incidence of PE, major bleeding, and stroke does not show significant difference among the DOAC or warfarin treated patients. Pericardial effusion occurs infrequently among patients treated with dabigatran, than in patients treated with warfarin. Some differences in the clinical profiles among patients treated with warfarin and those treated with three DOACs suggest that warfarin and apixaban have been used in patients with frailer or clinically complicated profiles. Considering the diverse clinical features among DOAC treated patients, the choice of specific DOACs seems to have been made individually, on the basis of presumed merits and demerits of each anticoagulant to a certain extent. Moreover, none of the DOACs drastically increased or decreased the number of serious complications assessed in our present study.
Limitations
In this study, the data of patients were collected from a large number of centers. Thus, we assume that our observations may offer a perspective of periprocedural anticoagulant management during AF ablation. The risk of early complications is related to many factors, such as underlying heart diseases, and the procedures used for ablation [3] . Because of significant variations in clinical features among different DOACs, it may be possible that the present results fail to elucidate the advantages or disadvantages of each DOAC. Diagnosis of the complications was entirely entrusted to individual physicians. Special care must be taken to interpret the present results that might have been biased by the limitations inherent to observational studies. Finally, because details of the dosage regimen of OACs, and of heparin usage in individual patients were not included in this survey, it is not possible to identify the most suitable anticoagulant management of AF ablation from the results.
Conclusions
DOACs are widely used in Japan as safe substitutes for warfarin, without significant increase in ischemic stroke and bleeding complications. Warfarin and apixaban are used in patients with frail or complicated profiles. Choice of any DOAC as a periprocedural OAC does not significantly affect the incidence of serious complications.
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